We introduce a new interpretation of quantum mechanics by examining Einstein, Podolsky and Rosen's (EPR) paradox [1] and Bell's inequality experiments [2] under the assumption that the vacuum has an inhomogeneous texture for energy levels below the Heisenberg time-energy uncertainty relation. In this article, selected results from the most reliable Bell's inequality experiments [3] [4] [5] will be quantitatively analyzed to show that our interpretation of quantum mechanics creates a new loophole in Bell's inequality, and that the past experimental findings do not contradict our new interpretation. Under the vacuum texture interpretation of quantum mechanics in a Bell's inequality experiment, the states of the pair of particles created at the source (e.g. during parametric down conversion) is influenced by an inhomogeneous vacuum texture sent from the measurement apparatus. We will also show that the resulting pair of particles are not entangled and that the theory of vacuum texture preserves local realism with complete causality. This article will also suggest an experiment to definitively confirm the existence of vacuum texture.
I. INTRODUCTION
We propose that, instead of vacuum fluctuations being completely stochastic, random and uncertain, they are locally deterministic and the fluctuations posses an inhomogeneous texture created by the presence of matter (such as an experimental apparatus and the sample itself), and the texture travels with the speed of light (or very close to it). These low level fluctuations are hard to detect directly since they don't carry energy larger than what the Heisenberg time-energy uncertainty principle allows. However, vacuum texture can drastically break symmetry during particle creation. In this interpretation of quantum mechanics, the probability distribution is a consequence of an inhomogeneous vacuum texture and the particle is created in one state at the source and travels in one trajectory. The detection of the particle does not "collapse" its quantum state as suggested by the Copenhagen interpretation; rather, the placement of the detector has already broken the symmetry of the vacuum texture and thus changed the probability of the creation of a particle (and it's state) along various trajectories at the source.
A rigorous formulation of the theory of vacuum texture is beyond the scope of this article but will be discussed in ref. [6] . We will suggest an experiment similar to one performed by Alain Aspect in 1982 [5] ; however, additional data analysis is needed to test the vacuum texture theory. If the existence is confirmed, the theory of vacuum texture may not only give an answer to the EPR * ysuzuki@newmexicoconsortium.com † kmmertes@lanl.gov question but may also unify other existing theories [6] .
II. BELL'S INEQUALITY WITH VACUUM TEXTURE
In a typical Bell's experiment, the source sends two physical systems (photon's in this case) to distant observers, Alice and Bob ( Fig. 1 (a) ). The measurement setting chosen by Alice is a and by Bob is b while the outcome received by Alice is α and by Bob is β. For the case of photon polarization, a and b correspond to polarization beam splitter (PBS) angles. α, β = +1 for detecting a photon and −1 for not detecting a photon. The experimentally measured probability distribution of the correlation between Alice and Bob produces results that violates Bell's inequality and are consistent with quantum entangled states. The correlation function is expressed as:
where P (αβ|ab) is the probability of the measurement result for α, β = +1 or −1 when Alice's and Bob's polarization measurement axis is at a and b degrees, respectively. With the standard quantum mechanics analysis, Eq. 1 becomes:
and is shown in Fig. 2 by the red curve. For local hidden variable theories, the probability is expressed as: where, q(λ)dλ is the distribution of hidden variable, λ, and Λ represents the manifold of allowed values for λ. For photon polarization, λ is an angle and also
In semi-classical analysis, assuming rotational symmetry for creation of a pair of photons at the source, q(λ) = 1/π, and with Malus's law,
Using Eq. (1), this yields E sc (a, b) = (cos 2(a − b))/2, which is depicted by the blue curve in Fig. 2 .
Bell's inequality is derived from Eq. (3) assuming that q(λ) is independent of a and b: q(λ|ab) = q(λ). Within vacuum texture theory, this is no longer true because the value of the hidden variable depends on a and b. Thus, the probability of the measurement must be expressed as:
Bell's inequality does not hold for Eq. (5) 
is the quantum mechanical correlation function with Alice and Bob's measurements with settings a and b (red curve). Esc(a, b) is for the semi-classical solution using Eq. (3) (blue curve). Evt(a, b) is the semiclassical solution with vacuum texture using a local hidden variable in Eq. (5) 
is maximum classical correlation using (3) when replacing Eq. (4) with
inequality is violated; this is the new loop-hole that the theory of vacuum texture reveals.
In Fig. 1 (b) , when the pair of photons are created at the source, the polarization of the created photons are no longer rotationally invariant due to the vacuum texture which was created at the PBS and traveled to the source. In Fig. 3 and 4, we propose a plausible model that can lead to a vacuum texture, which for PBS will produce a vacuum texture with 4-fold symmetry. While any specification of a vacuum texture with 4-fold symmetry is sufficient to determine if it can explain previous Bell's inequality measurement experiments, it is natural to assume that the PBS angles a, a − π/2, b and b − π/2 degrees are relatively favorable for the first photon to be created. The creation of the secondary photon needs to satisfy conservation of energy and linear & angular momentum. For simplicity, the delta function has been chosen to describe the local hidden variable with vacuum texture from the PBS with the setting angles of a and b:
Using Eq. (1) and (4)- (6), the correlation function with vacuum texture is calculated as E vt (a, b) = cos(2(a − b)). Even though we have derived the correlation function from an entirely different set of assumptions, we arrive at an equation that is identical to quantum mechanical solution: E vt (a, b) = E qm (a, b), and, therefore, the maximum value of S, S vt = S qm = 2 √ 2 ≈ 2.83 where the Bell-CHSH inequality [7] is expressed as |S| ≤ 2. Thus, we have shown that the local hidden variable vacuum texture theory agrees with the probabilistic aspect of quantum mechanical theory.
Bell was highly aware of the possibility that q(λ|a, b) = It is very plausible that the PBS would transmit a vacuum texture to the photon source. This vacuum texture does not posses full rotational polarization invariance. But how is vacuum texture created? Zero-point radiation can be thought of as the cause of vacuum texture. In this model, without a PBS, zero-point radiation caused by vacuum fluctuations will have a uniform distribution of polarization. However, when the PBS is present, zero-point radiation that impinges on the back of the PBS will become polarized, thus breaking the symmetry. The inset shows q(λ) in the polar coordinate in the 4-fold symmetry with the eight delta functions which are expressed in Eq. 6 (−π/2 < λ ≤ π/2).
q(λ) [2, 8] . Consequently a series measurements were performed with the added feature of freedom of choice [5, [9] [10] [11] [12] . Two settings of the choices/settings are made after/before the creation of a pair of photons at the source either periodically or randomly. Alice had a choice between a or a , and Bob had a choice between b or b (see Fig. 5 ).
The probability function within the vacuum texture theory with freedom of choice becomes:
where a and b are the measurement settings which were actually used for the measurement results of α and β, and a and b are the settings of the electro-optical modulators (EOMs) when they are in the past lightlike cone to the pair at the photon source.
Because of the round-trip time, there are two possible measurement scenarios when a and b are changing: in-sync and out-of-sync. If the switching is much slower than the round-trip time, t rt = d/c + τ + d/c (where the speed of vacuum texture, v vt ≈ c, and τ d/c is the interaction time at the photon source), the detector setting and photon pair will be in-sync and P vt , (αβ|ab, ab) = P vt (αβ|ab). On the other hand, if the switching is much faster than t rt , it depends on the fraction of time in-sync and the fraction of time out-of-sync. Using a hidden vari- With this model, we require a polarization maintaining interaction between virtual photons. In other words, the presence of one virtual photon with a particular polarization will induce the existence of another virtual photon with the same polarization. Without the PBSs, the vacuum texture propagating to the source would be ubpolarized. However, the presence of the PBSs only allows certain polarization angles to pass through creating an inhomogeneous vacuum texture.
able with the four possible combinations:
where f a is the fraction of the time in-sync for Alice and f b for Bob, and 1 − f a is the fraction of time out-of-sync for Alice and 1 − f b for Bob, with f = (f a + f b )/2 and f = (f a − f b )/2. With Eq. 5 and 7, we find that the probability for freedom-of-choice under vacuum texture theory becomes
where f P vt (αβ|ab) is the in-sync case, and (1 − f )q(λ|a b ) is the out-of-sync case. The third term, f {P vt (αβ|ab, ab ) − P vt (αβ|ab, a b)} is the unbalancedsynchronous case where f a = f b . For the in-sync case, we revert to the standard correlation value E Unless it is stated, it is assumed that d ≈ d in Fig. 1 (b) .
For the unbalanced-synchronous case,
Consequently, the correlation value for freedom-ofchoice is expressed as:
III. SUGGESTED EXPERIMENT
In 1982, Aspect et al. performed the most cited Bell's inequality measurement [5] . This was the first experiment to successfully introduce choice. The PBS angles of a and a for Alice, and b and b for Bob were switched periodically at a frequency around 50 MHz by introducing a phase delay in each path via an electro-optical phase modulator [13, 14] .
In the 1982 Aspect experiment, a different form of Bell's inequality, S was used:
where N (a, b) is the probability of a photon being detected with a single detector measurement for both Alice and Bob with the PBS setting angle a and b where N (a, b) = P (α = β = 1|ab) (see Eq. 1), and N (∞, ∞) is without a PBS. The inequality for a local hidden variable in Eq. 3 is expressed as −1 S 0.
With N vt (a, b, a , b ) = P vt (α = β = 1|ab, a b ) (P vt from Eq. 7).
In this experiment, the switching was periodic and not random. For vacuum texture,
where f is the fraction of the time in sync. The round trip time for light between the switch and the pair of photon source was 2d/c = 43 ns for Alice and Bob. The optical switching frequency for Alice was 46.2 MHz and then the switching period was 43.3 ns. The optical switching frequency for Bob was 48.4 MHz and then the switching period was 41.3 ns [5, 13, 14] . In 1989, Zeilinger pointed that "there was a numerical coincidence between photon flight time and switching frequency [15] ." In this measurement, the average of Alice and Bob had 90 % of the time in sync, f = 0.9 (see Fig. 6 ). Therefore, the predicted value with vacuum texture is S ps vt = 0.136. Any experimental error in the switching in the experiment would suppress the value of S by a small amount. The measured value was S measured = 0.101 ± 0.020, in reasonable agreement with the theory of vacuum texture. In order to prove or disprove the existence of vacuum texture. We suggest to repeat the same or a similar measurement as conducted by Aspect. However this time, to vary the switching frequency (and/or the distance) to see whether the in-sync and out-of sync follow the maxima and minima in Fig. 7 predicted by the vacuum texture theory. The maxima up to S = 0.207 are quantum effects in which, in this new interpretation, the incident particles are in-sync with vacuum texture.
When the measurement settings are not changed during the measurement, the vacuum texture effect is the same as quantum mechanics in the probabilistic aspect. The minima down to S = −0.5 are new phenomena (anti-quantum/sub-classical effects) and corresponds to the completely out-of-sync situation. If the frequency setting are random and averaged, the in-sync and out-ofsync components would average out to the semi-classical solution, S sc = −0.147. Indeed, this could be the mechanism of dephasing. In the classical world, the settings of the environment would change due to thermal fluctuation as the vacuum texture travels between masses. This could be the reason that quantum effects are often observed at low temperatures in relatively small systems. The expected S value with vacuum texture is plotted in a function of switching frequency. The red dot is at the frequency which was used for Alice, and the blue dot is at the frequency which was used for Bob in [5] . The measured S is the average of the settings of Alice and Bob (see Eq. 14). Expected S value under the same conditions is also shown in orange.
Furthermore, in this article, so far we have assumed that d (see Fig. 5 ) or d without EOM (see Fig. 1 (b) ) for Alice and Bob are same. When they are different, we might be able to observe distance effects on vacuum texture. For example, the switch for Alice can be removed, and Alice's setting can be fixed a or a at the distance d a for a set of measurements while Bob can have the same periodical switching between b and b at the distance d b . At d a d b , the frequency sweep for Bob should show the maxima and minima at the same frequency in Fig. 7 in S . The maxima and minima in S should disappear as it approaches to d a d b , and the value should be constant. Measurements taken when d a ≈ d b would be very interesting.
IV. CONCLUSION
We have proposed that existence of vacuum texture would explain Bell's inequality measurements with local realism and causality. An experimental setting, which was capable with 1982 technology, is suggested for definite proof/disproof of vacuum texture. We have also demonstrated that when the experimental settings are switched randomly so that half the case is in-sync and the other half is out-of-sync with the vacuum texture, the solution approaches to the semi-classical solution. This could be the mechanism for dephasing. In addition, for the case of completely out-of-sync timing, we predict an anti-quantum/sub-classical effect. In this case, even classical correlation is diminished. This effect might not exist naturally.
